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Objectives: The aim was investigate resveratrol, grape juice, or red
wine effects on FNDC5 and UCP2 gene expression on muscle and
adipose tissue of Wistar rats receiving a high-fat diet.
Methods: Five groups of female Wistar rats formed with ﬁve ani-
mals in each (Control Group-CG, High-Fat Group-HFG-20%, Grape
Juice Group-GJG; Red Wine Group-RWG and Resveratrol Group-
RG) were treated for 2 months. At the end, adipose and muscle
tissues were collected, FNDC5 and UCP2 mRNA expressions were
obtained by using real-time polymerase chain reaction. Irisin
levels were assessed through ELISA. For comparison: two way
ANOVA, using Duncan as post-test.
Results: FNDC5 mRNA expression was increased in RG and GJG
muscle (p < 0.001) and reduced in adipose tissue of allcontaining protein 5; UCP, uncoupling protein; CG, Control Group; HFG, High-
ine Group; RG, Resveratrol Group; RT-qPCR, Real time quantitative polymerase
dehydrogenase; ANOVA, one-way analysis of variance; CVD, cardiovascular
fatty acids.
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increased in muscle of HFG, RG and RWG (p < 0.01), compared
with CG. Furthermore, increased expression of UCP2 mRNA in GJG
adipose tissue (p < 0.05) was also observed when compared with
the control group (CG). No signiﬁcant differences were found
concerning plasma irisin level in all animal groups.
Conclusion: Resveratrol and grape juice were able to increase
muscle tissue FNDC5 gene expression, and high-fat diet, red wine
and resveratrol, increased UCP2 gene expression in this tissue.
Grape juice was capable of increasing adipose tissue UCP2 gene
expression. High-fat diet, isolated or associated to beverages rich
in polyphenols, have decreased FNDC5 gene expression in adipose
tissue. Nevertheless, the interventions did not affect irisin levels.
© 2016 Published by Elsevier Ltd on behalf of European Society for
Clinical Nutrition and Metabolism. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Adipose tissue have important physiological functions, however, any dysfunction could be related to
speciﬁc metabolic disorders such inﬂammation, type 2 diabetes, cardiovascular diseases which could
directly affect the energy metabolism [1].
There are known two types of adipose tissue, white and brown. Some studies have suggested that
the “browning” of white fat is an inherent property of most or all white fat cells and may not be due to
the presence of a distinct cell type with this predisposition [1].
The protein called ﬁbronectin type III domain containing 5 (FNDC5) in muscle can lead to synthesis
of irisin, a myokine recently identiﬁed and implicated in energy metabolism regulation. Irisin seems to
increase the expression of uncoupling protein 1 (UCP1) on subcutaneous and visceral adipose tissue,
leading to the “browning” of this tissue, inducing thermogenesis [2].
Polyphenols found in beverages, such as red wine and grape juice, could bear an effect on energy
metabolism, being able to increase UCP2 expression, by increasing energy expenditure, even when
administered in a high fat diet situation [3].
The aim of this study was to investigate the effects of resveratrol, grape juice or red wine effects on
FNDC5 and UCP2 gene expression on skeletal muscle and adipose tissue ofWistar rats receiving a high-
fat diet.
2. Method
2.1. Animals and diet
Adult female Norvergicus Wistar Albinus rats (90days) from the Laboratory of Experimental
Nutrition, were housed individually in cages in a controlled environment. All experimental procedures
used during these experiments complied with the guidelines of the Ethics Committee for the use of
laboratory animals, protocol number Comiss~ao de Etica no Uso de Animais-CEUA473/2013.
Twenty-ﬁve rats were used and divided into 5 groups (n ¼ 5/group): 1) Control Group (CG)
receiving balanced diet, based on casein (AIN93M); 2) High-Fat Group (HFG) receiving high-fat diet
(20%), casein-based; when the usal fat content is 4e8%. Resveratrol Group (RG) receiving high-fat diet
(20%), casein-based and 15mL of a resveratrol solution 4% (dilutedwater) per day; 4) Grape Juice Group
(GJG) receiving high-fat diet (20%), casein-based and 15 mL of whole grape juice per day and 5) Red
Wine Group (RWG), receiving high-fat diet (20%), casein-based and 10 mL of red wine per day. All
animals (all groups) received diet and ﬁltered water ad libitum and followed for 60 days. Both whole
grape juice (Aurora Tinto Integral®) and red wine (Goes Tempos®) were purchased at the local market,
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diet composition was made according to AIN93M recommendations. The high fat diet was made of
lard, which was purchased at the local market.
2.2. Data and sample collection
After 60 days of protocol, after overnight fasting, animals were anesthetized and sacriﬁced. Muscle
and adipose tissue were collected for analysis, and blood from abdominal aorta was drawn into a
heparinized tube to obtain plasma samples (see Table 1).
2.3. PCR analysis
Tissue samples were collected, homogenized in TRIzol® and frozen at 80 C. cDNA synthesis was
carried out using a two-step cDNA synthesis kit (Promega), using UCP2 and hFNDC5 primers (Table 2)
[4,5]. One microgram of RNAwas reverse transcribed into cDNA using GoScript™ reverse transcriptase
(Promega) according to the manufacturer's protocol using a total reaction of 20 mL. Real time quanti-
tative PCR (RT-qPCR) was performed using 5 mL of Gotaq qPCR Master Mix (Promega). For determi-
nation of the initial relative quantity of cDNA, samples were ampliﬁed with glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) primers (reference gene) [6].
2.4. Irisin plasma levels
Irisin plasma levels were assessed through ELISA by a commercial kit according to manufacturer's
instructions (IrisineHuman, Mouse, Rat- ELISA Kit, Cat.No.:EK-067-52, Phoenix Pharmaceuticals, INC).
2.5. Statistical analysis
The variables were expressed as mean ± standard deviation. For comparison of means among
groups, the one-way analysis of variance (ANOVA) test was performed, and Duncan as post-test. A
p < 0.05 was considered signiﬁcant. GraphPad software (version 3.00 for Windows XP, GraphPad
Software) was used to perform statistical analysis.
3. Results
Figure 1 A shows a signiﬁcant increase in FNDC5 mRNA expression in muscle of animals treated
with resveratrol and whole grape juice (p < 0.001), and, in adipose tissue, there was a reduction in all
animals treated with high fat diet when compared with control group (CG) (p < 0.001) (Fig. 1B).
Data in Fig. 1C show a signiﬁcant increase in the expression of UCP2 mRNA in muscle of animals
treated with high-fat diet and resveratrol (p < 0.001), and red wine (p < 0.01). The UCP2 mRNA
expression in adipose tissue was higher in animals treated with whole grape juice (p < 0.05) when
compared with the control group (CG) (Fig. 1D).Table 1
Nutritional beverage composition.
Nutritional Information Serving of 200 ml
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Primer sequences for cDNA of hFNDC5 and UCP-2 [6,7].


































































































Fig. 1. Relative mRNA expression in muscle tissue or adipose tissue of Wistar rats treated with high-fat diet (HFG), high-fat diet plus
resveratrol beverage (15 mL/day; solution of 1 mg/L) (RG), high-fat diet plus whole grape juice (15 mL/day) (GJG), high-fat diet plus
red wine (10 mL/day) (RWG) for 60 days. The values are shown as averages ± SD. GAPDH was used as the internal standard for
normalization. (*) p < 0.05 when compared with the control group (CG).
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fat diet only nor in animal with high fat diet treated with grape juice, red wine or resveratrol (CG:
128.8 ± 4.7, HFG: 129.1 ± 4.0; RG: 129.9 ± 7.5; GJG: 128.7 ± 2.8; 129.6 ± 4.4 ng/mL; p ¼ 0.82).
4. Discussion
Roca-Rivada et al. had suggested that FNDC5 gene is also expressed by adipose tissue, but in a minor
level compared to skeletal muscle tissue. They also suggested that a pathophysiological situation could
modulate the muscle/adipose tissue ratio expression [8]. This modulation is observed in our results,
with unchanged or increased FNDC5 expression in muscle tissue and decreased in adipocyte tissue in
all high fat groups, compared to CG.
Muscle UCP2 expressionwas higher in groups treatedwith all high fat groups except for grape juice.
This could be related to higher metabolic activity in this tissue [9], related to polyphenols effects. On
the other hand, UCP2 adipose tissue expression was increased only in rats treated with grape juice, so
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expression on animals fed on a high fat diet. This increase in FNDC5 gene expression in skeletal muscle
could be related to the increased UCP2 gene expression in adipose tissue, suggesting that the grape
juice treatment could modulate FNDC5 and UCP2 gene expression.
Although we found differences in FNDC5muscle gene expression in muscle tissue when comparing
the diet groups, thosewere not found concerning irisin plasma levels. It could be probably be explained
by the lack of a trigger to translation, beyond gene expression, as is already known that translation
regulation is mediated either by binding mRNA or by modulating physiological interactions levels of
the translation complex components [10].
In our knowledge, there are no data concerning alcohol consumption to FNDC5 and UCP2 gene
expression.
In conclusion grape juice is effective to modulate the FNDC5-UCP2 system by increasing the
expression of these genes and may be an adjunct to prevent/treat obesity. However further investi-
gation should be done to elucidate these effects in plasma concentrations of irisina.
Conﬂict of interest
The authors declare that they have no conﬂict of interests.
Financial support
Pro-reitoria de pesquisa, Pos-graduaç~ao e Inovaç~ao/Universidade Federal Fluminense (PROPPI/UFF)
and Fundaç~ao de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ) (E-26/110.432/2014).
References
[1] Cinti S. The adipose organ at a glance. Dis Models Mech 2012;5:588e94. http://dx.doi.org/10.1242/dmm.009662.
[2] Mahajan RD, Patra SK. Irisin, a novel myokine responsible for exercise induced browning of white adipose tissue. Ind J Clin
Biochem 2012. http://dx.doi.org/10.1007/s12291-012-0255-2.
[3] Gonzalez-Castejon M, Rodriguez-Casado A. Dietary phytochemicals and their potential effects on obesity: a review. Pharm
Res 2011;64:438e55. http://dx.doi.org/10.1016/j.phrs.2011.07.004.
[4] Bostr€om P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A PGC1-a-dependent myokine that drives brown-fat-like
development of white fat and thermogenesis. Nature 2012;481:463e8.
[5] Krook A, Digby J, O'Rahilly S, Zierath JR, Wallberg-Henriksson H. Uncoupling protein 3 is reduced in skeletal muscle of
NIDDM patients. Diabetes 1998;47:1528e31.
[6] Livak JK, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 22DDCT
method. Methods 2001;25:402e8. http://dx.doi.org/10.1006/meth.2001.1262. Elsevier Science.
[7] Moura LPD, Dalia RA, Araújo MBD, Sponton ACDS, Pauli JR, Moura RFD, et al. Alteraç~oes bioquímicas e hepaticas em ratos
submetidos a uma dieta hiperlipídica/hiperenergetica. Rev Nut 2012;25(6):685e93.
[8] Roca-Rivada A, Castelao C, Senin LL, Landrove MO, Baltar J, Crujeiras AB, et al. FNDC5/Irisin is note only a myokine but also
na adipokine. PLoS One 2013;8(4):e60563. http://dx.doi.org/10.1371/journal.pone.0060563.
[9] Donadelli M, Dando I, Fiorini C, Palmieri M. UCP2, a mitochondrial protein regulated at multiple levels. Cell Mol Life Sci
2014;71:1171e90. http://dx.doi.org/10.1007/s00018-013-1407-0.
[10] Li MM, MacDonald MR, Rice CM. To translate, or not to translate: viral and host mRNA regulation by interferon-stimulated
genes. Trends Cell Biol 2015;25:320e9. http://dx.doi.org/10.1016/j.tcb.2015.02.001.
